Abstract
INTRODUCTION
The Jerusalem artichoke (Helianthus tuberosus L.) is a plant of the sunflower family, which produces edible tubers with high yield . It grows well in the semi-arid tropics (Okada et. al., 2017) . Recent research have been conducted for fast propagation methods as 'in vitro' due to the general interest of producers (Dănăila-Guidea S., 2016) . In this sense, Jerusalem artichoke tubers have become increasingly popular in European cuisine, where they are normally consumed raw or cooked . The skin of Jerusalem artichoke tubers can be white, red or violet, but tuber flesh is usually white (Serieys et al., 2010; Slimestad et al., 2010) . Jerusalem artichoke tubers have a complex biochemical composition: 78% water, 15-16% proteins, 9.60% total sugars, 15% total fibres, 0.5% minerals (429 mg/100g K; 78 mg/100g P; 17 mg/100g Mg; 14 mg/100g Ca; 3.7 mg/100g Fe etc.) (USDA, 2016; Zálan et al., 2011) . Also, Jerusalem artichoke tubers are a source of vitamins (Vitamin C = 4.1 mg/100g; Nicotinamide = 1.3 mg/100g; Vitamin B2 = 60 µg/100g; Vitamin B1 = 200 µg/100g), and dietary fibre, mainly represented by inulin (Scollo et al., 2011) . Inulin content of Jerusalem artichoke tubers varies between 8-21% (Kays and Nottingham, 2007) . Inulin is a linear mixture of oligo-and/or polysaccharides consisting of D-fructose bonded by β-(2 1) linkages that are terminated by a D-glucose molecule bonded to fructose by α-Dglucopyranosoyl bond (Barclay et al. 2010; Gunnarsson et al. 2014) . The degree of polymerisation of inulin ranges from 2 to 60. Due to its unique characteristics, it is increasingly used as a functional ingredient in food composition. Because of the β (2,1) linkages, inulin cannot be digested by intestinal enzymes, and can be thus successfully used in the composition of functional foods for type 2 diabetes and obesity (Kelly, 2008; Nair et al., 2010) . After ingestion, inulin passes undigested a large part of the digestive tract (mouth, stomach and small intestine), following that in the large intestine to be fermented by colon microflora. Thus, inulin consumption does not influence the level of glucose and therefore does not cause stimulation of inulin secretion. Due to the fact that inulin is not digestible, it has a significantly lower energy value compared to other specific carbohydrates (energy comes only from the metabolism of fatty acids and lactate resulting from fermentation process, respectively). Consequently, inulin can be used to replace fat in dairy products, respectively, fat, sugar and flour from bakery and pastry products, thus causing their energy value to be reduced (Franck, 2002) . In addition, inulin is a soluble fibre and is a prebiotic, causing the growth of beneficial bacteria in colon, which improves the absorption of important minerals (calcium, magnesium) and the synthesis of B vitamins (Niness, 1999; Coudray et al., 2003; Abrams et al., 2005; Franck, 2005) . At the same time, inulin suppresses the production of putrefaction compounds in the colon (Gibson and Roberfroid, 1995; Nair et al., 2010) . Other studies have shown that inulin has an important role in the prevention and inhibition of colorectal, colon and breast cancers (Clark et al., 2012; De Almeida Gaultieri et al., 2013) . Munim et al. (2017) mention that Jerusalem artichoke tubers have a high inulin content, and a diet rich in inulin can have beneficial effects in case of patients who have type 2 diabetes and, moreover, can prevent this disease. As a remark is that Jerusalem artichoke tubers contain phenolic compounds and have antioxidant capacity. Thus, Petkova et al. (2014) reported for Jerusalem artichoke tubers content in phenolic compounds in the range of 12-16 mg GAE/g d.m., and antioxidant capacity (determined by CUPRAC method) was 212-260 mM TE/g d.m. At international level, there is an increased interest for valorisation of Jerusalem artichoke tubers through achieving of some functional ingredients to be used to fortify foods (Izembaeva et al., 2013; Radovanovic et al., 2014; Radovanovic et al., 2015; Khuenpet et al., 2016) . In this paper are presented the results of the research performed to achieve a functional ingredient (powder) with high nutritional value by processing of Jerusalem artichoke tubers.
MATERIALS AND METHODS

Samples
Fresh Jerusalem artichoke tubers (Red and White varieties) were obtained from a farmer and were also commercially purchased. In order to obtain Jerusalem artichoke powder, the tubers were subjected to sorting, washing, cleaning and cutting operations to eight-mm long noodle using a fruit and vegetable cutting machine. Then, the divided tubers were subjected to dehydration process in a convection dryer at temperature 50ºC to a moisture which allows their milling and conversion into powders and, at the same time, their stability in terms of quality. Milling of dried semi-finished products was performed by using Retsch mill. The achieved functional ingredients (powders) were packed in glass containers, hermetically sealed, protected by aluminum foil against light and stored in dry and cool areas (temperature of maximum 20 ºC), till to the sensory, physicchemical and microbiological analysis. In Figure 1 are presented the powders achieved from Jerusalem artichoke tubers.
Methods
Sensory analysis
Sensory analysis (appearance, taste and smell) was performed by descriptive method.
Physic-chemical analysis Measurement of the color parameters of samples was performed at room temperature, using a CM-5 colorimeter (Konica Minolta, Japan), equipped with SpectraMagic NX software, to register CIELab parameters (the Commission Internationale de l'Eclairage -CIE), L*, a* and b*: L* -color luminance (0 = black, 100 = white); a* -red-green coordinate (-a = green, +a = red); b* -yellow-blue coordinate (-b = blue, +b = yellow). (AOAC, 2005) . In order to determine minerals samples were mineralized by calcination, with the addition of hydrochloric acid and hydrogen peroxide. The minerals potassium (K), calcium (Ca) and magnesium (Mg) were determined by Atomic Absorption Spectrophotometer (type AAnalyst 400, Perkin-Elmer). Iron (Fe) was determined by Graphite Furnace Atomic Absorption Spectrophotometer (type AAnalyst 600, PerkinElmer). Phosphorus was determined by spectrophotometric method (AOAC 2000) . The crude fiber content of the samples was determined using a Fibretherm-Gerhardt equipment. Crude fibers include cellulose, hemicellulose, and lignin. Inulin-type fructans was determined by AOAC 999.03 method. Water-soluble vitamins were determined by high performance liquid chromatography coupled with mass spectrometry.
Total polyphenol content Total polyphenol content was conducted according to Horszwald and Andlauer (2011) with some modifications (concerning extraction media, time and mode of extraction, extract volumes of the used sample and reagents, using UV-VIS Jasco V 550 spectrophotometer), based on calibration curve of gallic acid achieved in the concentration range 0 to 0.20 mg/mL. The extraction of phenolic compounds was performed in three extraction media (methanol:water = 50:50; ethanol:water = 50:50; acetone:water = 70:30) and the absorbance of the extracts were determined at a wavelenght λ = 755 nm. Results were expressed as mg of Gallic Acid Equivalents (GAE) per g Jerusalem artichoke powder.
Antioxidant capacity
The DPPH scavenging radical assay was conducted according to Horszwald and Andlauer (2011) with some modifications (concerning extract volumes of the used sample and reagents, using UV-VIS Jasco V 550 spectrophotometer). The reaction was performed in dark for 30 min (at ambient temperature) and after this time the absorbance was read at 517 nm. It was achieved the calibration curve Absorbance = f(Trolox concentration), in the concentration range 0-0.4375 mmol/L and the results were expressed as mg Trolox Equivalents per g Jerusalem artichoke powder.
Microbiological analysis
The water activity (Aw) was determined by an instrument Aquaspector AQS-2-TC, Nagy. The measurements were performed at 25ºC. Yeasts and molds were determined by the method SR 
RESULTS AND DISCUSSIONS
Sensory analysis
After sensory analysis it was found that the functional ingredient obtained by processing of Jerusalem artichoke tubers (Red and White varieties) has specific sensory characteristics.
Thus, it is in the form of a gray to dark beige powder, with specific, pleasant taste and smell. Following colour instrumental analysis (Figures 2 and 3 ) it was found that powder obtained from Jerusalem artichoke tubers -Red variety (II) is darkest, recording the minimum value of luminance (L* = 70.26), and that obtained from White variety (I) is the lightest (L* = 82.71). 
Physic-chemical analysis
Composition of the powders achieved from Jerusalem artichoke tubers (Red and White varieties) is presented in Table 1 . Khuenpet et al., 2016 (51.86 -55 .14 g/100 g dry basis). A study performed by Gott et al. (2015) showed that in the case of Australians that who gave up the high inulin diet, there was an increase in the incidence of type 2 diabetes. The water-soluble vitamins content of the functional ingredient obtained from Jerusalem artichoke tubers is presented in Table 2 . Izembaeva et al., 2013 in the case of niacin and higher in the case of thiamine (Niacin = 1.3 mg/100 g; Thiamin = 0.07 mg/100 g).
The powders achieved from Jerusalem artichoke tubers are an important source of minerals (K, Ca, Mg, Fe, P). Their content in minerals is presented in Table 3 . (2017) have undertaken a meta-analysis of randomized controlled trials and showed that potassium supplementation is a safe medication with no important adverse effects that has a modest but significant impact blood pressure and may be recommended as an adjuvant antihypertensive agent for patients with essential hypertension. Due to its high potassium content, Jerusalem artichoke powder can be an important element in the diet of people with high blood pressure. Jerusalem artichoke powders obtained in our experiments are an important source of phosphorus, its content varying in the range 300.12 -345.35 mg/100g. The human body contains about 560 to 850 g of phosphorus, representing about 0.8% to 1.2% of body weight. After calcium, phosphorus is the second most abundant mineral in the human body (Gropper and Smith, 2013) .
Total polyphenol content
Jerusalem artichoke powders are important sources of phenolic compounds. The total polyphenol content of these is presented in Figure 4 . The total polyphenol content of Values of polyphenol content obtained within this study are higher compared to that reported for Jerusalem artichoke flour by Petkova et al., 2014: 12-16 mg GAE/g DW (in 70 % (v/v) ethanol extraction) and up to 10 mg GAE/g DW (water extraction), respectively. In our study, the most effective solvent for the extraction of total polyphenols was acetone:water = 70:30 (polyphenol content was 20.30 -44.03 mg GAE/g). Also, the values obtained for the polyphenol content of Jerusalem artichoke powders, are significantly higher than those obtained by Inchuen et al. (2014): 3.355 -6 .440 mg GAE/g dry matter, if the Jerusalem artichoke tubers were subjected to different dehydration methods (microwave, hot-air, open-air sun shade) unblanched, and 2.510 -5.310 mg GAE/g dry matter, respectively, in the case of blanched tubers. Polyphenols are one of the most important functional components found in plant-derived foods (Danilcenko et al., 2017) . Studies conducted have shown, in the case of polyphenols, anticarcinogenic and antimutagenic activity, as well as cardiovascular protective effect, associated mainly with decreased cholesterol concentration in plasma and prevention of arteriosclerosis (Dixon and Paiva, 1995; Duthie et al., 2000; Zhong et al., 2009; Gupta and Verma, 2011) .
Antioxidant capacity
Due to their content in phenolic compounds Jerusalem artichoke powders have antioxidant capacity. Their antioxidant capacity is presented in Figure 5 . 
Microbiological analysis
Results of the microbiological analysis of the powders achieved from Jerusalem artichoke tubers are presented in the Table 4 . Microbiological analysis shown that the achieved powders are in the frame of the provisions of the legislation into force. These powders show low values of water activity (0.304-0.335), which give them microbiological stability.
CONCLUSIONS
Powders achieved from Jerusalem artichoke tubers are important sources of minerals (K, Fe, Mg, Ca, P), inulin and bioactive compounds. Thus, Jerusalem artichoke powders are characterized by total polyphenol content (18.51...44.03 mg GAE/g). Also these powders have antioxidant potential being beneficial in a healthy diet for prevention of diseases caused by free radicals. On the other hand, powders achieved in this study are characterized by high inulin-type fructans content (51.60....57.45%), being beneficial for achieving of bakery and pastry products for diabetics. Powders achieved from Jerusalem artichoke tubers can be regarded as functional ingredients and can be used to fortify food products (bakery and pastry products, especially) in order to increase the nutritional and their antioxidant potential, but also as sweetening agent for products for diabetics.
